Abstract : The frequency of sister chromatid exchanges (SCE), structural chromosomal aberrations and the number of chromosomes in the peripheral blood lymphocytes from stainless steel welders were studied.
INTRODUCTION

Stainless
steel welding produces a fume containing various gases and small particles mainly consisting of complexes of metallic oxide such as chromium, nickel, manganese and iron. Furthermore, ultraviolet rays and ozone are also generated during the arc-welding process.
In a previous paper,1) the fume particles from stainless steel welding have been shown to produce an increase of sister chromatid exchange (SCE) frequency and chromosomal aberrations in cultured Chinese hamster cells. Furthermore, ozone2-5) and ultraviolet rays6-8) have also been reported to cause chromosomal changes in cultured cells. A report9) has been made on the fact that the incidence of K. KOSHI, T. YAGAMI AND Y. NAKANISHI pulmonary tumor is approximately four times the expected value among stainless steel welders and another00) indicated an increase in the incidence of throat cancer among these welders. An increase of SCE frequency and chromosomal aberration in the peripheral lymphocytes has been found among workers exposed to mutagenic or carcinogenic chemical substances such as benzene,11) vinyl chloride monomer12) and styrene.13)
The purpose of the present study was to investigate possible chromosomal changes in stainless steel welders exposed to various mutagenic factors in stainless steel welding.
SUBJECTS AND METHODS
I. Subjects: Our study group was composed of 17 male workers in the first survey and 44 male workers in the second and the third surveys. They had been constaitly engaged in stainless steel welding using manual metal arc (MMA) welding and metal inert gas arc (MIG) welding for periods ranging from 5 to 20 years (mean value, 12.1 years) at the time of these surveys. They were aged 25-47 years (mean age, 33.5 years). The relative proportion of work time on MMA welding and MIG welding was about half and half during their careers. Occasionally, they had participated in aluminium welding.
The control group was composed of 6 males in the first survey and 7 males in the second survey. They were office workers in the same factory aged 30-40 years (mean age, 35.1 years). In the third survey we selcted 20 workers in the research section (non-chemical) in the same factory aged 18-49 years (mean age, 28.9 years).
The subjects were questioned about medical X-ray exposure and drug intake to exclude those subjects who might have been exposed to other known chromosome-damaging agents. Furthermore, a questionaire was distributed to quantitate the intake of cigarettes, alcohol and coffee.
2.
Working environment and exposure:
Because of improvements made in the working environment of the welding place in 1974, sufficient ventilation could be obtained by local exhaust and a fan in the ceiling.
The general air concentrations of air and gases in the work place were surveyed in 197814) and the results are shown in Tables 1 and 2 .
The personal exposure of stainless steel welders measured using personal dust samplers varied from 3.95 to 174.02 mg/m3, showing large individual differences.14,15) The exposure volume according to the manner of work also showed great differnces, making it difficult to obtain an exposure concentration.
Since a dust respirator with fibrous active carbon filter against ozone was worn by all our welders, they seemed to inhale only small volumes of fumes and ozone. However, Goto et al.16) In order to determine the number of SCE per cell, 25 cells were scored on the microphotograph. For the chromosome analysis, the all subjects were randomly coded and the blood culture, chromosome preparation and observation of chromosomes were carried out blindly. In the first and second surveys the whole blood samples from welders and controls were cultured at the same time.
In the third survey, however, they were carried out on the different occasions.
4. Chromium in the urine:
Spot urine samples were collected during the workday, and analysis of chromium in the urine was made with a direct flameless atomic absorption spectrometric method.
Clinical laboratory tests:
Red blood cell counts (RBC), white blood cell counts (WBC), hemoglobin concentration (Hb), hematocrit value (Ht) and hemograms were determined by conventional methods. Assays for four serum enzymes, glutamic oxalactic transaminase (GOT), glutamic pyruvic transaminase (GPT), r-glutamic transpeptidase (r-GTP) and lactic dehydrogenase (LDH) were performed according to the routine method.
RESULTS
1. The frequency of sister chromatid exchanges: Figure 1 shows the results of SCE frequency of cultured lymphocytes from stainless steel welders together with controls in the three surveys. There were no significant differences in the mean value (p > 0.05) and variance (p > 0.05) of SCE frequency among the three surveys both in the welders and in the controls. In the results from three surveys there were statistical differnces (the 1st, p < 0.05, the 2nd p < 0.05, the 3rd, p < 0.01) in the variance of SCE frequency between the exposed and control groups. In the results from the total of the three surveys, there were statistical differences (p < 0.01) in the variance of SCE frequency between the exposed and control groups. These mean values and standard deviations of welders and controls showed 8.80±1.61 and 8.11±1.08, respectively.
When comparing SCE frequency in smokers with that of non-smokers, there was a significant difference (p < 0.01) among the welders. These results are shown in Figure 2 . In the control groups, SCE frequency in smokers was higher than that in non-smokers, but this difference was not significant (p > 0.05). The reason for this might be the small number of data in the controls. The relationship between the number of cigarettes smoked per day and the SCE frequency in the welder group is shown in Figure  3 .
2. The frequency of structural chromosomal aberrations:
In the results from the total of the three surveys, the incidences of structural chromosomal aberrations of cultured lymphocytes from stainless steel welders
were compared with those of the controls. The findings are shown in Table 5 .
As shown in the Figure 5 shows the incidence of aberrant metaphases in individual welders and controls in the third survey. As shown in the figure, in both 48-hour and 72-hour cultures in the control group, the subjects who had aberrant metaphase in 4% were the most numbers and almost subjects had less than 6% aberrant metaphases. In the welder group, on the other hand, the subjects who had more than 10% aberrant The worker group included two subjects in whom metaphases with 47 chromosomes represented approximately 70%. Table 6 shows the distribution of the numbers of chromosomes of these welders. Figure 6 discloses the karyotype of 47 chromosomes. As shown in the figure, the extra chromosome seems to be an extra X chromosome. In the two welders with 47 chromosomes, an Xchromatin was observed in approximately 10% of the cells in the oral mucosa of the cheeks. These photographs are shown in Figure 7 . Thus it was considered that As shown in Table 6 , one of the two subjects had a few metaphases with more than 47 chromosomes, and the extra chromosomes were attributed to X on the basis of his karyotype as showir-in- Figure 8 .
4.
Chromium concentration in the urine: Figure  9 shows From the above facts, it was considered that the stainless steel welders were exposed to mutagenic complexes. Thus, our rsults showing structural chromosomal aberrations in lymphocytes from stainless steel welders would be confirmed. Furthermore, the increase of SCE frequency in lymphocytes from stainless steel welders was expected. However, the mean values of SCE frequency in welders were almost the same as those in the controls in both the first and the second surveys investigated the welders and the controls at the same time, whereas, the variances of SCE frequency in the welder group were larger than among the controls. Thus it was observed that in the SCE frequency of the welders, some subjects showed high values as compared with those of controls and some subjects showed low values as compared with those of controls. The reason for the fact that, in spite of exposure to mutagenic complexes, the low values of SCE frequency were shown by some welders was not clear. It was reported19,20) that chromium plating workers who had been exposed to chromic acid (CrO3) mist showed increased SCE frequency of blood lymphocytes. The mean chromium concentrations in the urine from these workers were almost the same or lower as compared with Husgavel-Pursianinen et al.17) and Littorin et al.18) investigated the chromosomes in the peripheral lymphocytes from stainless steel welders mainly engaged in MMA welding and reported that there was no significant difference between the welder group and the control group. It seems that there are differences between the fumes to which their workers were exposed and those affecting our subjects, because the welders in our study were engaged in stainless steel welding using both MMA welding and MIG welding as mentioned above. The in vitro experiment1) disclosed that chromium, which has the greatest ability to induce chromosome aberrations among all the metals contained in the fumes, was soluble in the fumes generated by MMA welding, but was insoluble in those produced by MIG welding. The latter type draws attention to its accumulation due to exposure and its long-term influences resulting from gradual solubilization in vivo. 
